1 ' 2 ' 3 In some of these applications it is desirable to assess the ohmic potential drop in the solution. For example, to have a controlled electrode potential for the reaction at the disk one needs to know how a current to the disk and a current to the ring separately influence the potential in the solution in 4 5 the neighborhood of the disk• '
To ensure that a limiting current is maintained on the ring involves a similar question. 6 Experimental efforts to answer these questions involve abrupt changes in the current .to either the ring or the disk followed by a measurement of the change in potential of both the ring and the disk 4 5 7
as shortly thereafter as possible. ' ' Such rapid changes in potential and current are associated with the primary distributions 8 of potential and current.
Consequently, we can define a mathematical problem in which the potential obeys Laplace's equation, (1) the potential is zero at infinity, and has a uniform value in the so+ution adjacent to each electrode. Corresponding to a zero current 0 0 ~,j 0 -3density, the normal component of the potential gradient is zero on the insulating annulus between the disk and the ring and on the plane surrounding the ring. This problem excludes consideration of the variation of conductivity within the thin diffusion layer adjacent to the electrodes and effectively regards the change in potentia~ drop to be determined by the bulk of the solution. Also excluded from consideration is the effect of electrode kinetics, it being assumed that the double-layer capacity is sufficiently large that the potential difference across it does not change during the time . 8 of the measurement.
(The course of events involving the change of the charge of the double-layer capacity has been examined by Nisancioglu I and Newman.9,10,11)
The problem thus defined is limited in scope since it involves only the geometry of the system, .the conductivity of the solution, and the potentials and currents themselves. The principal result of the ·· . . model is the expression of the disk and ring potentials in terms of the disk and ring currents:
(2) V = R did + R I , r r rr r (3) where is no ring current, Ir = 0 , we see that Rdd represents the resistance between the disk electrode and a counterelectrode at infinity. This resistance will be lower in the presence of the ring than for the disk alone because current can find a path through the ring electrode to the disk, bypaasing some of the resistance of the solution. This is true even though there is no net current to the ring. Under these circumstances, the potential of the ring will take on a definite value to satisfy the condition of no net current to the ring. This value is determined by Rrd in equation 3.
Thus, Rrd is a quantity having the dimensions of a resistance but which yields the potential on the ring due to a current on the disk.
In a similar manner, we see that when there is no disk current, R is the resistance between the ring and a counterelectrode at rr infinity while Rdr reproduces the potential on the disk due to a current on the ring. As shown below, Rdr = Rrd The geometry of the ring-disk system is defined adequately by the ratio r 
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In a subsequent paper from this laboratory, we shall discuss some more complicated behavior of the ring-disk system in which concentration variations and electrode kinetics are considered in order to assess the current distribution on a sectioned electrode (composed of the ring and disk at the same potential) below the limiting current, the collection efficiency of the system when the current distribution on the disk is nonuniform due to the ohmic potential drop in the solution, and the anomalous diffusion coefficient for a redox couple measured by means of the limiting current to a ring electrode with zero current to the disk. The integral over a hemisphere at infinity is zero because each potential is inversely proportional to the radius, the potential gradient is inversely proportional to the square of the radius, and dS is proportional to the square of the radius.
This leaves us with integrals over only the surfaces of the electrodes: (5) Now, by the definition of the primary distributions, the potential adjacent to each electrode is uniform and can be removed from the . integral, with the result r r r r (7) For the cases chosen here, 1dl = 0 and 1r 2 = 0 , and this reduces to (8) Substitution of equations 2 and 3 for the electrode potentials, with Idl = Ir 2 = 0 , yields (9) or ( As an alternative, the currents due to the ring and the disk were treated separately by different methods. First a series of ten cases was defined with prescribed current distributions on the ring. . r2 -rl (12) (13)
Case 2 has a zero current density everywhere on the ring but will have a curr.ent assigiled to the disk as described below. Cases 4 through 10 were assigned the following current distributions on the ring:
where· Pk(x) is the Legendre polynomial. 
(1'6)
The evaluation of this integral for the potential distribution on the ring requires care, first of all, because the elliptic integral approaches infinity when r 1 = r • Additional difficulties are introduced for cases 1 and 3 where the current distribution approaches infinity at the inner or outer edge of the ring.
The potential distributions obtained above will be nonuniform on both the ring and the disk. For each case, the potential can be made uniform on the disk by superposing the potential distribution due The several cases that have been treated now each have prescribed current distributions on the ring and disk, known total currents, a.
uniform potential on the disk, and a nonuniform but finite potential distribution on the ring. The final step of the procedure is to superpose cases 3 through 10 onto cases 1 and 2, ·in turn, in such a way that the potential distribution on the ring is made uniform.
More cases can be used to attain a higher degree of uniformity. The functions chosen for superposition make special allowance for the geometry of the system and can treat the infinite current densities at the edges of the electrodes even when the insulating annulus is quite thin.
Results
In the computed results, Rdr and Rrd usually agreed to within 0.01 percent. Certain limiting situations could also be checked to ensure the validity of the results. There are several ways of thinking about the coupling_resistances Rdr = Rrd • First imagine a current to the disk with no current to the ring. Then the potential distribution will bear some resemblance to that for a single disk in an insulating plane, and the similarity will become exact in the limit of a thin ring. The ring, in addition to distorting this potential field, will acquire a potential This report was prepared as an account of work sponsored by the United States Government. Neither the United States nor the United States Energy Research and Development Administration, nor any of their employees, nor any of their contractors, subcontractors, or their employees, makes any .warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus, product or process disclosed, or represents that its use would not infringe privately owned rights . 
